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Figure 1L.3.1-21

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
SEP 207-A Gamma (FIDLER)
Radiation Survey Results
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Figure 11.3.1-32

Solsr Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
GPR Survey
SEP 207-A Ares
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Figure i11.3.1-35

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
interpreted GPR Data
SEP 207-A - 900 MHz Antenna
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Figure H.3.1-36

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner, Subgrade,
And Subsurface Sampling Locations
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Solar Evaporation Ponds
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Figure 11.3.1-38

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Exlsting Ponds Liner Sampling Results
Cadmium
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Figure [1.3.1-39

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner Sampling Resuits
Sodium




S~
-~ \‘l: \,:-E;\
\‘\'S\;”‘\
.
e
o - 3 5 NIL T
Fomroen e ¥ ¥ * % # ¥ # ¥ ¥ e e ‘\\1\;;‘:::;\
e A5
on apes o . L
B AREA FENCE ~ Sk e
Tk T
, X Tk TN
* ¥ ¥ ¥ ¥ 3 ¥ 7 X * * % % ¥ L y N S \\\
: E -
T T\\\,y, S
S—— RGN i \\\\
\"‘H«,\\ "~k \k\_ﬂ \\\
pHer—f=my I N N T -
, T ~x.
= \ — . S . .
o - S e BN
TRl e e
- 776\ ¥ B s
’F,:, ‘\“\-,\\\\ EN\-‘“!’\\
- N o
T, s /%"\\
o
. ‘\:\\\h e, )
L \‘r\\
\\.;\.\ 3
e Sy
\\
A4.032
A ND
1734
AND A
A 3965

Streams

Paved Roads

Solar Evaporation Ponds (SEP)

A Sampling Location
0,445 Result In pCl/g

NI Not Detected

—il

PREPARED FOR
U.S. DEPARTMENT OF ENERGY

ROCKY FLATS PLANT
GOLDEN, COLORADO

Figure 11.3.1-40

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Exlisting Ponds Liner Sampling Results
Americlum 241
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner Sampling Results
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Figure 1i.3.1-42

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner Sampling Results
Plutonfum 239/240




B3

3
-
=
=
A

P

S
E.

Streams
———— Paved Roads
ZZZZ Bulidings
-4~ Fance
Solar Evaporation Ponds {SEP)
A Sampling Location
122 Result In pCl/g

AlLll
A 187
A 126
4,66
Hae A 154
A 068
0.81
o AL
AL76
A 220
FA R=Z
A 1.80
. a0
: 599
100 0 100 200 900 FEET
HHHHHE——H | —

T

PREPARED FOR
U.S. DEPARTMENT OF ENERGY

ROCKY FLATS PLANT
GOLDEN, COLORADO

Figure 11.3.1-43

Solar Evaporatlon Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner Sampling Results

Uranium 233/234
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Figure 1.3.1-44

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner Sampling Results
Uranlum 235
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Figure 11.3.1-45

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Liner
Uranlum 238
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Figure 11.3.1-46

Solar Evaporation Ponds
Oparabla Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Resuits
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Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Results
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Figure 11.3.1-48

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Resuits
Lithium
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Figure 11.3.1-51

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Resuits
Americlum 241
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Solar Evaporation Ponds
Operable Unlt Ne. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Resuits
Ceosgium-134
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Figure 1.3.1-53

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Results
Cesium-137
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Solar Evaporation Ponds
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Figure 11.3.1-57

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Results
Strontium 89/90
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Results
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Results
Uranlum 233/234

il




o ) . Y. v ) Y3 Y] . 3\ S 3 kY ¥
K 3 / 7 e ¥ 7 o £ fa iy X f

B AREA FENCE -

A0036 (G055
A 006 0099

A 0.07 0054
A 0,08 <0.058>

9jn
568
Vi o B
S ‘980 |
| 997 '
?{ : 1999
LEGEN 100 ] 0o 200 300 FEET
LEGEND s —— —
Streams
- Paved Roads
PREPARED FOR
 Buildings U.S. DEPARTMENT OF ENERGY
it FORGe ROCKY FLATS PLANT
Solar Evaporation Ponds {SEP) GOLDEN, COLORADO
A Sampling Location Figure 11.3.1-60

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade Sampling Resuits
Uranium 235

‘ G Result In pCl/g
1 Gounting Error

Note: Results In Red Exceed Background Level of 0.1 pCl/g

e




Y 3 s, 3 Y] ) 3.
T FoN ™ 7

D AREA FENCE */

Ed

o8

o "’.964;

>

2P8A

A0

LEGEND

Streams

~~~~~ Paved Roads

-t FONce

Solar Evaporation Ponds (SEP)

A Sampling Location
Result In pCi/g
L2 Gaounting Error

Note: Results in Red Exceed Background Level of 0.63 pCi/g

—=il

200 300 FEET

PREPARED FOR
U.S. DEPARTMENT OF ENERGY

ROCKY FLATS PLANT
GOLDEN, COLORADO

Figure 1.3.1-61

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Existing Ponds Subgrade S8ampling Results
Uranium 238




INITIAL GRAVIMETRIC MOISTURE CONTENT (ut %)

%] 10 20 20 42 50
e 1 ] 1 ] 1 ] 1 ] 1 ]
& & X
- 4 %
* *
4 ad z o AAA [a) A
- %
% A
8-1 o
3 - D a o
s 12+ £
o o
§ 16~ s
E 24 —
Q ] a
md
20 —
o
%—
4Q —

O BEDROCK (SPRING “93)
A ALLUVIUM (SPRING “93)
% ALLUVIUM (FALL “93)
0 BEDROCK (FALL "93

PREPARED FOR
U.S. DEPARTMENT OF ENERGY

ROCKY FLATS PLANT
GOLDEN, COLORADO

Figure 11.3.3-2

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD

initial Gravimetric Moisture Content
versus Depth




INITIAL GRAVIMETRIC MOISTURE CONTENT (ut®)

30—
- a Dn
a ju]
20 — OZLI
A [n]
7%
- A A o
& a
10 aa®® A
A
NO)
1®
O 1T T 1 T 1T T T T I T "I T " 1 11
%) 12 20 30V 409 6@ 6@ 70 B3 90 100
CLAY CONTENT ()
PREPARED FOR
SAMPLE  BOREHOLE USGS/WENTWORTH U.S. DEPARTMENT OF ENERGY
ROCKY FLATS PLANT
o BEDRock (1) BH40401AE 40593 CH IOCKY FLATS PLAN
a atwvion () BH40609AE 40993 SANDSTONE
(3 BH4040SAE 44393 SW Figure 11.3.3-3
() BH40600AE 43193 GM Solar Evaporation Ponds

Operabie Unit No. 4, IM/IRA EA DD
initial Gravimetric Moisture Content
versus Clay Content




%)

3

8

INITIAL VOLUMETRIC MOISTURE CONTENT (vol

O BEDROCK

a4 ALLUVIWLM

=]
0 a A
)
_ A
a A a a
a
— a
A R
a a
a
= 4
7-
@ a
®
©
71 71 17T 1 17 1 17 717 & 71711
%) 16 20 39 49 50 62 70 80 90 100
SAND + GRAVEL CONTENT (%)
PREPARED FOR
SAMPLE ~ BOREHOLE USGS/BEDROCK U.S. DEPARTMENT OF ENERGY
(D) BH40608AE 40993 GM ROCKY FLATS PLANT
(©® BH40600AE 43193 GM GOLDEN, COLORADO
() BH40405AE 44393 SW Figure 11.3.3-4
o BH40401AE 40593 CH Solar Evaporation Ponds
(5) BH40407AE 44093 CH Operable Unit No. 4, IM/IRA EA DD
iti tri t C
©BraosriaE 42893 GC e Coures Fracun™"




YL 1XG84

$IUSJUOY) AINIS|OW PaIIAI0D
pue |ejjju] Usam]ag UO|1B[8110D
aa v3 vdIMI ‘v "oN Jun ejqesedo
spuogd uopeiodead iejos

s-g'¢’ll 2anbid

0avHOo109 ‘N3aA109
INVId SLY1d ANOOH

ADHIANI 40 INTFWLHVHIA 's'N
HO4 3"vd3dd

(powano)) Mooipeg [

(remuy) oolpeg  x

{paoaniod) wniAnily Y

(lewlup) wnianjly

1 i | 1

1 L 1 | 1 1

§ I | 1 ) N I |

<1

000

SO0

010

SL0

0c'0

G20

0€0

Se'0

ov'0

St'0

0s0

(1on/loA'%) INFLNOD JHNLSION




50

% A

(] A
40 — o a

Ln 4 fa
. o
® - a A A
L A a
- o a
» 32—
% A

a

A -
Ll
|—.
<
3 20-
-
( i
O

-
10—

Ot T T 1T T 1T T T T T [ T T T T T 1 71
@ 186 28 30 40 60 68 70 B0 90 100
SAND + GRAVEL CONTENT (%

PREPARED FOR
AMP BOREHOLE USGS/WENTWORTH U.S. DEPARTMENT OF ENERGY
ROCK ATS PLANT
O BEDROCK (D BH40401AE 40593 CH OCKY FLATS pLAN
a awvi () BH40609AE 40993 SANDSTONE

Figure 11.3.3-6

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Calculated Porosity
versus Coarse Soil Particle Fractlon




_
-

X

2

z

8 A

W

£ 50-

-

2~

O 41

A AN

E ~N % o oo

S 20— o\ oa

< A\ a}

8 <~

2‘ . A \ o

H & & N

g« ™~ Regression Line

[=}
5 10 o
\ R
N
- ~
N
@ ' I T T l |
1.4 1.6 1.8 2.0
DRY BULK DENSITY (g/ce)
PREPARED FOR
SAMPLE  BOREHOLE USGS U.S. DEPARTMENT OF ENERGY

D BEDROCK (D BH40404AE 44393  SW ROCKY FLATS PLANT
A ALLUVIUM

Flgure 11.3.3-7

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD

Initial Moisture Content
versus Dry Bulk Density




CLAY

W v, QAT TN
T Y AVAVEY,
N VAVAY. VYAV
A CNVAVAvVAVAY,

SAND N N SILT
9 >
CY > S % ® ©
O BEDROCK SAMPLES
O RFA SOILS SAMPLES
SAMPLE BOREHOLE /Wentworth
(D BH4040SAE 44393 W
BH4060SAE 40993 Sandstone
BH40611AE 42893 GC
(@ BHavao14E 40593 CH PREPARED FOR

U.S. DEPARTMENT OF ENERGY

Sand, Silt, and Clay in percent by weight
(adjusted to 100% without gravel fraction)

Percentages reflect clay (below 0.002 mm),
silt (0.002-0.05 mm), and sand (0.05-2.0 mm)
in the basic soil textural classes

Sourcer Hillel (1982)

ROCKY FLATS PLANT
GOLDEN, COLORADO

Figure 11.3.3-8

QU4 Phase | RFI/RI
Sand-Silt-Clay Textural Triangle
{(USDA Classification)




YiLiLxgep

£61EY oloyaiod ‘IV0090YHE a|dwes
‘aopnqinsiq 8z1S-a1died
aa v3 vdai/ni 'y "oN Hun ejqeiedo
spuod uoyeiodeay isjog
e-cen unbiy
OQVHO109 ‘NIA109
INVd SLV1d AXO0H
ADHINT 40 ININLHVY43A 'S
HO: a3HVd3Hd
{wuw) 1a)3welq
1000 0100 oot'o 000t 00001 00000t 000°0001
0 | | : | | R L
ol 4 06
0z - / 8 -
g
2
0 0L mn.a
8
=
- -
oo AN ®
= g
..Wl Cad
5 05 0
E
€
3 //
5 09 - / 0
oL 0e
08 # 0c
06 0l
B 001 oo 0




HiLxggy

£65bY sloyelog ‘IvSorOrHE ejduwes
‘uonngisiag ezig-sjonled

aq v3 YHIWI ‘v "ON Wun sjqessdo
spuog uojiziodeal sejog

oL-gct anbiy

OavHO1092 ‘NIa109

INVTd SLV1d AMOOH
ADHINT 20 INIWLHVYHEA SN
1000 0l00 00t'0 000°L goool 000001 poo'oool
0+ n | | | | —
oL 06
0z ® =
| g
o
0g 114 m
8
g
g o - 109 =
2 g
=
5 0 0s
£
NS
5 0 ov
T - o€
08 0¢
06 0!
0
oot




Yl ixggp

s|log 9dBUNSANS
saAIND uonNqulsiq 9ZIS-ajonied susodwod
1H/14d | sseyd +NO

Li-geii nbid

OQvHO10D ‘NIa109

s|10g v4Y Aineio'p
SiioS V44 Jo Aunofe'g
S|I0S Y4H poulels) 1881002

SIIOS VY peuleln) 1suty’|

HO €650y 3viovorHg
MS €6Evy IVSOrovHa

INVd SIV1d ANOOH SdNoHD 598N JIoHUOd  TTIAVS
ADHINT 40 LNIWLHVYCIA 'S'N
HO4 3Hvd3add {ww) 13)18welg
1000 0100 0ol'0 000°L 00001 000004 000°0001
0 \I..rni\hlﬂn/‘lﬂld&“flifll | 1 “ —+ - oot
oL I S 06
aysorovHE eidwes
0z 08
0 o
E o 0
4
=
Z
£
g
S 09 ob
£
0L 0
0c
08
06 LN oL
JviororHg Y
ejdwes
0
00—

wbiap Aq 18s1009 JUBdIAY




Yy Lxgep

se|Bojoyiry yoouped
SaAIND UORNQINSIQ A2IS-2PNIed aysodwon
aa v3 VHI/WI v "oN nun s|qeiedo
spuod :O_uwhoan>m igjog

Zr-eel eunbiy
0avHo109 ‘N3Ia 109
INV'Id S1V1d AMOOH
ADHINT 4O ININWLHVYL3A "S™N
HO4 g3HVd3Hd (W) Ja3awelg
L000 0100 ' 0010 000’1 000701 000001 000°0001
0 | | : | ! —1 oo
ol 06
0z 08
0 MM - 0L
suolspues soyedely
Wha 0 H/ - 09
D
: W//
-
=
5 05 4 08
= B
g 114
5 09 - K/J/ //
o - b\ : 0¢
, /M,/ SeuoIsiS
08 - 0¢
seuojshe|d ¥
06 0l
0
oot - n "

1yfilapy Aq sas1e09 Juadiag




SOIL SAMPLE ~
ORIGINAL POND

80 —

70 —
A ¢
=z P\’XV\
q) 60—' e
.\\;
= 50—
Ld
o |
Z 40
>—
= 30
=
|_-
Q@ 20 e
-
o

10 —

OT— T v T T T T 7T T T T T 1

0 10 20 30 40 50 60 70 80 S0 100 110 120
LIQUID LIMIT <%g/Q)

LEGEND
0 RFA SOILS PREPARED FOR
# BEDROCK U.S. DEPARTMENT OF ENERGY
A LINE - SEPARATION BETWEEN CLAY AND SILTS ROCKY FLATS PLANT

U LINE - UPPER LIMIT LINE OF SOILS

SOURCE: Holtz and Kovacs {1981)

GOLDEN, COLORADO

Figure 1.3.3-13

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Soll and Bedrock Plasticity Classification
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Solar Evaporation Ponds
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Neutron Probe Measurements - Borehole 40393
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 40993
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 41293
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 41593
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 41793
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 42493
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 42893
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 43193
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. Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 43693
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Neutron Probe Measurements - Borehole 43793

85x 11




[33) @2eyans punosB mojeq yidag

goet 00zt 00tL  000L 006 008 O0L 608 Q0§ 00y 00€ 00 00L  DOD

(1118 41

Neutron Counts

—=&— 5/18/93

——— 61133

——*— 5/8/33

—— 7123193

——&— §j4/33

——— 8f19/83

—®—— gj3/93

~—O—— 921/93

b

)

N
N
S \
N
: =
: Zﬁ/
sl

] )

N
2

E |

PREPARED FOR

U.S. DEPARTMENT OF ENERGY

ROCKY FLATS PLANT
GOLDEN, COLORADO
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Solar Evaporation Ponds
Operable Unit No. 4, IMiRA EA DD
Neutron Probe Measurements - Borehole 44093
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Solar Evaporation Ponds
Operable Unit No. 4, IWIRA EA DD
Neutron Probe Measurements - Borehole 44393
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Figure 1.3.3-33

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Saturated Hydraulic Conductivity
versus Depth
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Figure 1.3.3-34

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD

Unsaturated Hydraulic Conductivity
versus Moisture Content
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Figure 11.3.-35

Solar Evsporation Ponds
Operable Unit No. 4, IM/IRA EA DD

Unsaturated Hydraulic Conductivity
versus Depth
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Figure 11.3.3-38

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Example of Pressure Head-Moisture

Content Relationship
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Figure 11.3.3-37

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Example of Unsaturated Hydraulic
Conductivity-Moisture Content Relationship
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Figure 11.3.3-53

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
CEC versus Depth
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Figure Il.3.3-54

Soler Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
CEC versus Clay Content
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Figure 11.3.3-55

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Electrical Conductivity versus Depth
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Figure 1.3.3-56

Solar Evaporation Ponds
Operabie Unit No. 4, IM/IRA EA DD
TOC versus Depth
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Figure 1.3.3-57

Solar Evaporstion Ponds
Operable Unit No. 4, IM/IRA EA DD
TOC versus Ciay Content
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Figure 11.3.3-58

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
TOC versus CEC
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Figure 11.3.3-60

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Lysimeter Location Map
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Figure 11.3.3-61

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
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Figure 1..3.3-63

Solar Evaporation Ponds
Operabie Unit No. 4, IM/IRA EA DD
Pore Water Results
Lithium ( g/l
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Figure 1.3.3-64

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results
Zinc { ug/l
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Figure 11.3.3-65

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results
Nitrate/Nitrite ( g/1)
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Figure 11.3.3-66

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results

Gross Alpha (pCl/l)
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Figure 1.3.3-67

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results

Gross Beta (pCi/l)
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results
Tritlum {pCIi/N)




8.000G <O
ADPY DRY cm

SINGLE LYSIMETER

40793 concentration Mean (Number of Samples)
Range of Concentration (Number of Samples)

DUAL LYSIMETER

A3193 Concentration Mean {(Number of Samples)
Range of Concentration (Number of Samples

sidrs Maan (Number of Samples}
centration INumbay of Samplsss

) ]—— Upper
| Lower

—il

0.0000 <O

0:6700-€

Zﬁ0 6700‘-66700 A

A L0000 ¢
1.0000~ 10000 (e =
Abioes (1
(.1066-0.1066 <13
10009 < _ -
8000-1,
\214.4846 (1 :
214, 4846 814 4846 (1) A
96?00 700 1
0.0000 <Q)
110000 D 96{ s
= 14 00
: 14 0000 14 0000 (9]
s -
7329486 (1)
7329486~ 738 9486 P : C.
14000 <L
1 =1
228 ——
L TN '916, i
70507 oL 706 X B B S O I S
: Laal ':9577_‘ 965
e,
LEGEND 100 200 300 FEET
-~ — Streams Solar Evaporation Ponds (SEP) Shitd HH
Paved Roads NS  Not Sampled
" Bulldings ND Not Detected PREPARED FOR
. Fence U.S. DEPARTMENT OF ENERGY
ROCKY FLATS PLANT

GOLDEN, COLORADO

Figure 1.3.3-69

Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Results
Uranium-235 (pCi/l)
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Solar Evaporation Ponds
Operabie Unit No. 4, IM/IRA EA DD
Pore Water Results
Uranlum-233/234 (pCi/l}
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Pore Water Resulls
Uranium-238 (pCi/1)
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Solar Evaporation Ponds
Operable Unit No. 4, IM/IRA EA DD
Idealized Slump-Block Cross-Section

Source: P.H. Rahn, 1986
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Soler Evaporation Ponds
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